Thiol/disulfide redox equilibrium and kinetic behavior of chicken liver fatty acid synthase.
Chicken liver fatty acid synthase is rapidly inactivated and cross-linked at pH 7.2 and 8.0 by incubation with low concentrations of common biological disulfides including glutathione disulfide, coenzyme A disulfide, and glutathione-coenzyme A-mixed disulfide. Glutathione disulfide inactivation of the enzyme is accompanied by the oxidation of a total of 4-5 enzyme thiols per monomer. Only one glutathione equivalent is incorporated per monomer as a protein-mixed disulfide, and its rate of incorporation is significantly slower than the rate of inactivation. The formation of protein-SS-protein disulfides results in significant cross-linking of enzyme subunits. The inactive enzyme is rapidly and completely reactivated, and the cross-linking is completely reversed by incubation of the enzyme with thiols (10-20 mM) including dithiothreitol, mercaptoethanol, and glutathione. In a glutathione redox buffer (GSH + GSSG), disulfide bond formation comes to equilibrium. The enzyme activity at equilibrium is dependent both on the ratio of glutathione to glutathione disulfide and on the total glutathione concentration. The equilibrium constant for the redox equilibration of fatty acid synthase in a glutathione redox buffer is 15 mM (Ered + GSSG in equilibrium Eox + 2GSH). The formation of at least one protein-protein disulfide per monomer dominates the redox properties of the enzyme while the formation of one protein-mixed disulfide with glutathione (Kmixed = 0.45) has little effect on activity. The oxidation equilibrium constant suggests that there would be no significant cycling between the reduced and the oxidized enzyme in response to likely physiological variations in the hepatic glutathione status. The possibility that changes in the concentration of cellular glutathione may act as a mechanism for metabolic control of other enzymes is discussed.